Dynamics of the conformational transitions in the assembling of the Michaelis complex of a bisubstrate enzyme: a (15)N relaxation study of Escherichia coli 6-hydroxymethyl-7,8-dihydropterin pyrophosphokinase.
6-Hydroxymethyl-7,8-dihydropterin pyrophosphokinase (HPPK) catalyzes the transfer of pyrophosphate from ATP to 6-hydroxymethyl-7,8-dihydropterin (HP), which follows an ordered bi-bi kinetic mechanism with ATP binding to the enzyme first. HPPK undergoes dramatic conformational changes during its catalytic cycle as revealed by X-ray crystallography, and the conformational changes are essential for the enzymatic catalysis as shown by site-directed mutagenesis and biochemical and crystallographic analysis of the mutants. However, the dynamic properties of the enzyme have not been measured experimentally. Here, we report a (15)N NMR relaxation study of the dynamic properties of Escherichia coli HPPK from the apo form to the binary substrate complex with MgATP (represented by MgAMPCPP, an ATP analogue) to the Michaelis complex (ternary substrate complex) with MgATP (represented by MgAMPCPP) and HP (represented by 7,7-dimethyl-6-hydroxypterin, an HP analogue). The results show that the binding of the nucleotide to HPPK does not cause major changes in the dynamic properties of the enzyme. Whereas enzymes are often more rigid when bound to the ligand or the substrate, the internal mobility of HPPK is not reduced and is even moderately increased in the binary complex, particularly in the catalytic loops. The internal mobility of the catalytic loops is significantly quenched upon the formation of the ternary complex, but some mobility remains. The enhanced motions in the catalytic loops of the binary substrate complex may be required for the assembling of the ternary complex. On the other hand, some degrees of mobility in the catalytic loops of the ternary complex may be required for the optimal stabilization of the transition state, which may need the instantaneous adjustment and alignment of the side-chain positions of catalytic residues. Such dynamic behaviors may be characteristic of bisubstrate enzymes.